PNEUMATIC TIRE AND MEASURING METHOD OF TREAD WEAR 

AMOUNT OF THE SAME 
BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a pneumatic tire and a 
measuring method of a tread wear amount thereof, more specifically, to a 
pneumatic tire rendered capable of readily measuring a tread wear amount 
thereof, and a measuring method of the tread wear amount* 
[0002] Heretofore, measurement of a tread wear amount of a pneumatic 
tire has been performed by an operator by means of directly measuring a 
depth of a groove on a tread surface using a measuring instrument such as a 
caliper. Accordingly, there has been a problem that measured values of the 
tread wear amounts may vary due to individual differences of operators. 
[0003] As a remedy for the above-described problem, a technique of 
measuring the tread wear amount by use of a laser displacement gauge has 
been proposed. By continuously detecting distances to a tread surface 
including main grooves while moving the laser displacement gauge over the 
tread surface in a width direction of the tire, residual depths of the main 
grooves are computed, whereby the tread wear amount is automatically 
measured. 

[0004] However, an apparatus for measuring the tread wear amount as 
described above requires an aligning mechanism in order to move the laser 
displacement gauge with precision. This has incurred a problem such as a 
complex structure, a high price and onerous maintenance. For this reason, 
it has been difficult to introduce such apparatus, and further improvements 
have been expected. 



SUMMARY OF THE INVENTION 

[0005] An object of the present invention is to provide a pneumatic tire 
in which a tread wear amount is capable of being readily measured. 
[0006] Another object of the present invention is to provide a measuring 
method of a tread wear amount of a pneumatic tire, the method which is 
performed at low cost and with easy maintenance, and is capable of readily 
measuring the tread wear amount. 

[0007] The pneumatic tire according to the present invention for 
achieving the former object is characterized in that a mark portion is formed 
on a part of a tread surface of the tire, which changes its shape as wear 
progresses. 

[0008] With this tire, the tread wear amount is easily discernible by only 
checking a change of the surface shape of the mark portion. 
[0009] The measuring method of a tread wear amount of a pneumatic 
tire according to the present invention for achieving the latter object is 
characterized by comprising the steps of detecting image data of the 
above-mentioned mark portion; inputting the image data to processor 
means; and determining the wear amount by comparing the image data 
with ratio referential data of the mark portion by the processor means, the 
ratio referential data being inputted in advanee and corresponding to the 
wear amounts of the tread surface. 

[0010] Moreover, another measuring method of a tread wear amount of a 
pneumatic tire according to the present invention is characterized by 
comprising the steps of using a pneumatic tire in which a mark portion is 
formed on a part of a tread surface, the mark portion changing its surface 



shape as wear progresses; detecting image data of the mark portion of the 
pneumatic tire by optical detecting means; inputting the image data to 
processor means; and determining the wear amount by the processor means 
by use of the image data and a formula inputted in advance for computing 
the wear amount, the formula expressing a relation between the wear 
amount of the tread surface and a change of the surface shape of the mark 
portion. 

[0011] As described above, in the present invention, the pneumatic tire 
is constituted to be provided with the mark portion as described above on 
the tread surface thereof, the mark portion is inputted to the processor 
means as the image data, and the tread wear amount is determined. 
Accordingly, a complex aligning and moving mechanism as required in the 
case of using a conventional laser displacement gauge becomes unnecessary. 
Therefore, the measuring method of a tread wear amount of the present 
invention achieves a low price, easy maintenance, and easy automatic 
measurement of the tread wear amount with precision in a short period of 
time. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] Figs. 1(a) to 1(d) show an example of a mark portion formed on a 
tread surface according to the present invention; Fig. 1(a) being an 
explanatory view of a principal portion of a tread sectioned in a meridian 
direction of a tire; Fig. 1(b) being an explanatory plan view of the tread 
surface when the tread surface is worn by 0%; Fig. l(c) being an explanatory 
plan view of the tread surface when the tread surface is worn by 50%; and 
Fig. 1(d) being an explanatory plan view of the tread surface when the tread 



surface is worn by 80%. 

[0013] Figs, 2(a) and 2(b) show the mark portion shown in Figs. 1(a) to 
1(d); Fig. 2(a) showing a sectional view of Fig. 2(b) taken along a line F-F; 
and Fig. 2(b) showing a view in the direction of the arrows fin Fig. 2(a). 
[0014] Figs. 3(a) to 3(d) show another example of the mark portion 
formed on the tread surface according to the present invention; Fig. 3(a) 
being an explanatory view of a principal portion of a tread sectioned in a 
meridian direction of a tire; Fig. 3(b) being an explanatory plan view of the 
tread surface when the tread surface is worn by 0%; Fig. 3(c) being an 
explanatory plan view of the tread surface when the tread surface is worn 
by 50%; and Fig. 3(d) being an explanatory plan view of the tread surface 
when the tread surface is worn by 80%. 

[0015] Figs. 4(a) and 4(b) show the mark portion shown in Figs. 3(a) to 
3(d); Fig. 4(a) showing a sectional view taken along a line G-G in Fig. 4(b); 
and Fig. 4(b) showing a view in the direction of the arrows g in Fig. 4(a). 
[0016] Figs. 5(a) to 5(d) show still another example of the mark portion 
to be formed on the tread surface according to the present invention; Fig. 
5(a) being a stereoscopic explanatory view of the mark portion; Fig. 5(b) 
being an explanatory plan view of the tread surface when the tread surface 
is worn by 0%; Fig. 5(c) being an explanatory plan view of the tread surface 
when the tread surface is worn by 50%; and Fig. 5(d) being an explanatory 
plan view of the tread surface when the tread surface is worn by 80%. 
[0017] Figs. 6(a) and 6(b) show the mark portion shown in Figs. 5(a) to 
5(d); Fig. 6(a) showing a sectional view taken along the line H-H in Fig. 6(b); 
and Fig. 6(b) showing a view in the direction of the arrows h in Fig. 6(a). 



[0018] Figs. 7(a) to 7(d) show still another example of the mark portion 
to be formed on the tread surface according to the present invention; Fig. 
7(a) being a stereoscopic explanatory view of the mark portion; Fig. 7(b) 
being an explanatory plan view of the tread surface when the tread surface 
is worn by 0%; Fig. 7(c) being an explanatory plan view of the tread surface 
when the tread surface is worn by 50%; and Fig. 7(d) being an explanatory 
plan view of the tread surface when the tread surface is worn by 80%. 
[0019] Figs. 8(a) to 8(d) show still another example of the mark portion 
to be formed on the tread surface according to the present invention; Fig. 
8(a) being a stereoscopic explanatory view of the mark portion; Fig. 8(b) 
being an explanatory plan view of the tread surface when the tread surface 
is worn by 0%; Fig. 8(c) being an explanatory plan view of the tread surface 
when the tread surface is worn by 50%; and Fig. 8(d) being an explanatory 
plan view of the tread surface when the tread surface is worn by 80%. 
[0020] Figs. 9(a) to 9(d) show still another example of the mark portion 
to be formed on the tread surface according to the present invention; Fig. 
9(a) being a stereoscopic explanatory view of the mark portion; Fig. 9(b) 
being an explanatory plan view of the tread surface when the tread surface 
is worn by 0%; Fig. 9(c) being an explanatory plan view of the tread surface 
when the tread surface is worn by 50%; and Fig. 9(d) being an explanatory 
plan view of the tread surface when the tread surface is worn by 80%. 
[0021] Figs. 10(a) to 10(d) show still another example of the mark 
portion to be formed on the tread surface according to the present invention; 
Fig. 10(a) being a stereoscopic explanatory view of the mark portion; Fig. 
10(b) being an explanatory plan view of the tread surface when the tread 



surface is worn by 0%; Fig. 10(c) being an explanatory plan view of the tread 
surface when the tread surface is worn by 50%; and Fig. 10(d) being an 
explanatory plan view of the tread surface when the tread surface is worn 
by 80%. 

[0022] Figs. 11(a) to 11(d) show still another example of the mark 
portion to be formed on the tread surface according to the present invention,' 
Fig. 11(a) being a stereoscopic explanatory view of the mark portion.' Fig. 
11(b) being an explanatory plan view of the tread surface when the tread 
surface is worn by 0%; Fig. 11(c) being an explanatory plan view of the tread 
surface when the tread surface is worn by 50%; and Fig. 11(d) being an 
explanatory plan view of the tread surface when the tread surface is worn 
by 80%. 

[0023] Figs. 12(a) to 12(d) show still another example of the mark 
portion to be formed on the tread surface according to the present 
invention; Fig. 12(a) being a stereoscopic explanatory view of the mark 
portion; Fig. 12(b) being an explanatory plan view of the tread surface when 
the tread surface is worn by 0%; Fig. 12(c) being an explanatory plan view of 
the tread surface when the tread surface is worn by 50%; and Fig. 12(d) 
being an explanatory plan view of the tread surface when the tread surface 
is worn by 80%. 

[0024] Figs. 13(a) to 13(d) show still another example of the mark 
portion to be formed on the tread surface according to the present invention; 
Fig. 13(a) being a stereoscopic explanatory view of the mark portion; Fig. 
13(b) being an explanatory plan view of the tread surface when the tread 
surface is worn by 0%; Fig. 13(c) being an explanatory plan view of the tread 



surface when the tread surface is worn by 50%; and Fig. 13(d) being an 
explanatory plan view of the tread surface when the tread surface is worn 
by 80%. 

[0025] Fig. 14 is an explanatory view showing an example of an 
apparatus used for a measuring method of a tread wear amount of a 
pneumatic tire according to the present invention. 
DETAILED EXPLANATION OF THE PREFERRED EMBODIMENTS 
[0026] Now, a constitution of the present invention will be described in 
detail with reference to the accompanying drawings. 

[0027] Figs. 1(a) to 1(d), and Figs. 2(a) and 2(b) show a principal portion 
of a pneumatic tire of the present invention, wherein a thin groove 3 that 
extends along a width direction of the tire is formed as a mark portion, in 
the vicinity of a main groove 2 extending on a tread surface 1 along a 
circumferential direction X of the tire. As shown in Figs. 1(b) to 1(d), a 
surface shape of the thin groove 3 gradually changes as the wear progresses 
from 0%, via 50%, and to 80% (i.e., the surface shape of a rectangle 
gradually becomes smaller.) And as shown in Figs. 2(a) and 2(b), a groove 
width a (i.e., a length in the width direction of the tire) of the main groove 2 
becomes narrower toward a bottom of the groove 2. The thin groove 3 has 
an approximately the same depth as that of the main groove 2, and a length 
P of the groove 3 in the width direction of the tire becomes shorter from the 
tread surface 1 toward the inside in the diametral direction of the tire (i.e., 
toward a bottom of the groove 3). 

[0028] Figs. 3(a) to 3(d), and Figs. 4(a) and 4(b) show another example of 
a pneumatic tire of the present invention, wherein the above-described thin 
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groove 3 is closely placed so as to be in contact with the main groove 2. As 
shown in Figs. 3(b) to 3(d), the surface shape of the thin groove 3 gradually 
changes as the wear progresses from 0%, via 50%, and to 80% (i.e., the 
rectangular surface shape of the thin groove 3 protruding from the main 
groove 2 in the width direction of the tire gradually becomes larger). And 
as shown in Figs. 4(a) and 4(b), a length A of the thin groove 3 in the width 
direction of the tire becomes longer toward the inside in the diametral 
direction of the tire (i.e., toward the bottom of the groove 3). 
[0029] Figs. 5(a) to 5(d), and Figs. 6(a) and 6(b) show still another 
example of a pneumatic tire of the present invention, wherein a thin groove 

3 that extends along the width direction of the tire and another thin groove 

4 that extends along the circumferential direction X of the tire are closely 
placed on the tread surface 1. As shown in Figs. 5(b) to 5(d), the surface 
shape of the thin groove 3 gradually changes as the wear progresses from 
0%, via 50%, and to 80% (i.e., the surface shape of the rectangle gradually 
becomes smaller). As shown in Figs. 6(a) and 6(b), the surface shape of the 
thin groove 4 does not change due to the wear, while a length B of the thin 
groove 3 in the width direction of the tire becomes shorter toward the inside 
in the diametral direction of the tire. The thin groove 4 has the same 
length C in the width direction of the tire (the groove width) until the 
bottom thereof and the same depth as that of the thin groove 3. As for the 
thin groove 3, the length B may be also made graduaDy longer toward the 
inside in the diametral direction of the tire, as shown in Figs. 3(a) to 3(d), 
and Figs. 4(a) and 4(b). 

[0030] Figs. 7(a) to 7(d) show a case of the mark portion of a wedged 



shape. The mark portion 20 of a wedged body in Fig. 7(a) gradually 
changes its surface shape as shown in Figs. 7(b) to 7(d), as the wear 
progresses from 0%, via 50%, and to 80%. 

[0031] Figs. 8(a) to 8(d) show a case of the mark portion of a cylinder 
wherein the mark portion gradually changes its sectional shape from a 
circle to an ellipse along the longitudinal direction. The mark portion 20 in 
Fig. 8(a) gradually changes its surface shape from a circle to an ellipse as 
shown in Figs. 8(b) to 8(d), as the wear progresses from 0%, via 50%, and to 
80%. 

[0032] Figs. 9(a) to 9(d) show a case of the mark portion of a triangular 
prism wherein the mark portion gradually changes an altitude of a 
triangular section thereof along the longitudinal direction. The mark 
portion 20 in Fig. 9(a) gradually changes its surface shape as shown in Figs. 
8(b) to 8(d), as the wear progresses from 0%, via 50%, and to 80%. 
[0033] Figs. 10(a) to 10(d) show a case where the mark portion is a 
triangular plate shape and accompanied with a rectangular plate body. 
The mark portion 20 in Fig. 10(a) gradually changes its surface shape (i.e., 
the length simply changes) as shown in Figs. 10(b) to 10(d), as the wear 
progresses from 0%, via 50%, and to 80%, while the surface shape of the 
rectangular plate body 21 remains unchanged. - 

[0034] Figs. 11(a) to 11(d) show a case of the mark portion of a plate with 
a hollow center portion. The mark portion 20 in Fig. 11(a) gradually 
changes its surface shape (i.e., a ratio n/m of the gap changes) as shown in 
Figs. 11(b) to 11(d), as the wear progresses from 0%, via 50%, and to 80%. 
[0035] Figs. 12(a) to 12(d) show a case where the mark portion is of a 
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cone shape and accompanied with a rectangular plate body. The mark 
portion 20 in Fig. 12(a) gradually changes its surface shape as shown in Figs. 
12(b) to 12(d), as the wear progresses from 0%, via 50%, and to 80%, while 
the surface shape of the rectangular plate body 21 remains unchanged. 
Here, the same effect is obtained when the mark portion 20 is of a 
pyramidal shape. 

[0036] Figs. 13(a) to 13(d) show a case of the mark portion consisting of 
two rectangular prisms of different lengths. The mark portion 20 in Fig. 
13(a) gradually changes its surface shape (i.e., a ratio of the gap changes) as 
shown in Figs. 13(b) to 13(d), as the wear progresses from 0%, via 50%, and 
to 80%. 

[0037] Next, a measuring method of a tread wear amount according to 
the present invention will be described. 

[0038] Fig. 14 shows an example of an apparatus for measuring the 
above-mentioned tread wear amount of the pneumatic tire. Here, a 
reference numeral 11 denotes an optical image detecting means composed of 
a CCD camera. A reference numeral 12 denotes a processor means for 
processing the image data inputted from the image detecting means 11. A 
reference numeral 13 denotes an operating means composed of a keyboard 
for giving commands and data to the processor means 12 and the like. A 
reference code T denotes a tire of which the tread wear amount is measured. 
[0039] The processor means 12 includes a storage unit 12A, a computing 
unit 12B and a display unit 12C. In the storage unit 12A, inputted in 
advance are a program for computing the tread wear amount based on the 
inputted image data, referential data of ratio of a mark portion and data of 
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wear amounts corresponding to the referential data of ratio. The 
computing unit 12B is adapted to compute the tread wear amount in 
accordance with the program. 

[0040] Regarding the referential data of ratio, taking Figs. l(a) to l(d), 
and Figs. 2(a) and 2(b) as examples, any one of the ratios of a:p, a:p\ a':0 
and a'-'p" is adopted (see Fig. 2(b)). For example, the referential data of 
ratio in the case of the ratio a'-fi will be as shown in Table 1. 



Table 1 





wear rate 


a 


P 


a/0 


fy 


0 


12.0 


11.3 


1.0 


St 

F-e- 


20 


10.8 


9.3 


1.2 


m 


50 


9.0 


6.4 


1.4 




80 


7.2 


3.4 


2.1 


h4 


90 


6.6 


2.4 


2.3 













[0041] As for the referential data of ratio for Figs. 7(a) to 7(d), the ratios 
of m:n may be satisfactorily prepared (see Fig. 7(b)). In the cases of Figs. 
8(a) to 8(d), and Figs* 13(a) to 13(d), similar approaches may be adopted. 
[0042] The measuring method of a tread wear amount according to the 
present invention is carried out as described below, by use of the apparatus 
as described above. In the case of Figs. 1(a) to 1(d), and Figs. 2(a) and 2(b), 
the image detecting means 11 is disposed opposite to the main groove 2 and 
the thin groove 3 of the tire T, and the image data including the main groove 
2 and the thin groove 3 are obtained by the image data detecting means 11. 
The image data are then inputted to the processor means 12 and stored in 
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the storage unit 12A. The computing unit 12B finds the groove width a of 
the main groove 2 and the length (3 of the thin groove 3 out of the image 
data, and subsequently computes a ratio ct/p of those values. The computed 
ratio data a/(J is then compared with the referential data of ratio inputted in 
advance, therefore a wear amount corresponding to the referential data of 
ratio that coincides with the ratio data is displayed on the display unit 12C 
as the tread wear amount of the pneumatic tire T. 

[0043] In the case of Figs. 7(a) to 7(d), the image data regarding the m 
and the n are detected by the image detecting means 11. The image data is 
then inputted to the processor means 12 and stored in the storage unit 12A. 
The computing unit 12B finds the respective values of the m and the n, and 
subsequently computes a ratio n/m of those values. The computed ratio 
data is then compared with the referential data of ratio inputted in advance, 
therefore a wear amount corresponding to the referential data of ratio that 
coincides with the ratio data is displayed on the display unit 12C as the 
tread wear amount of the pneumatic tire T. The result thus displayed may 
be also outputted to other instruments, and may be stored in the storage 
unit 12A. In the above-described case of Figs. 1(a) to 1(d), and Figs. 2(a) 
and 2(b), similar approaches may be adopted. 

[0044] As another measuring method of a tread wear amount, the 
following method is applicable, wherein a formula for computing the wear 
amount is stored in the storage unit 12A in advance instead of using the 
referential data of ratio (the table) such as Table 1, and the wear amount is 
obtained by computing at the computing unit 12B. Upon explaining the 
above-described method whereas taking the case of Figs. 7(a) to 7(d) as an 
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example, wherein the ratio of m-n when the mark portion 20 is worn by 0% 
is defined as 10*10 = 1, and the ratio when it is worn by 100% is defined as 
10^2 = 5, then the wear rate of the tire and the ratio of m'n of the mark 
portion 20 may be expressed in the following formula"- 

Wear rate (%) = 25% " 25, 

where x " (m/n) 

The value obtained from this formula will be displayed on the display unit 
12C. 

[0045] In the case of using a formula, the mark portion preferably has a 
shape in which the value n linearly changes with respect to the tread wear 
rate (from 0% to 100%) in order to simplify the formula. In the case where 
the mark portion is made as a shape that does not linearly change, the 
formula cannot be avoided from a complication such as a polynomial. 
[0046] Accordingly in the present invention, the mark portion as 
described above is provided on the tread surface 1 of the pneumatic tire, and 
is captured by the processor means 12 as image data, then the tread wear 
amount is measured by use of the ratio as described above. Hence, a 
complex aligning and moving mechanism as required in a case of 
measurement with a conventional laser displacement gauge becomes 
unnecessary. For this reason, a low price, easy maintenance and easy 
automatic measurement of the tread wear amount are achieved, and the 
measurement of the tread wear amount can be performed in a short period 
of time with precision. 

[0047] In the present invention, the mark portion to be provided on the 
tread surface 1 may preferably have a different color or a different gloss 



14 



from a surrounding portion thereof. For example, in the case as shown in 
Figs. 1(a) to 1(d), and Figs. 2(a) and 2(b), wall surfaces of the thin groove 3 
may be colored white so that they are distinct from the surrounding black 
rubber. Otherwise, a colored member of a different color from the 
surrounding rubber may be buried in the thin groove 3. 

[0048] In the case as shown in Figs. 7(a) to 7(d), the side of the m part 
and the side of the n part may be colored differently. In this way, image 
detection by the optical detecting means 11 can be facilitated further. 



